In this study, we evaluate the long-lasting effects on soil microbial communities of a change within a single land-use category, specifically the conversion from natural forest to forest plantation. To minimize the effects of impacts other than land-use (i.e., climatic and anthropogenic), we chose three sites within a Natural Park, with homogeneous orographic and soil texture characteristics. We compared microbial diversity in a total of 156 soil samples from two natural mixed forests and a similar forest converted to poplar plantation about thirty years ago. The diversity and structure of bacterial and fungal communities were investigated by terminal restriction fragments length polymorphism (T-RFLP) analysis of the 16S-rRNA gene and the ITS-rDNA regions, respectively. Bacterial and fungal communities from the forest plantation, compared to those from natural forest soils, showed different community structure and lower ␣-diversity values, consistently with the significantly higher pH values and lower organic matter content of those soils. ␤-diversity values, the number of measured and estimated dominant OTUs, and their distribution among the three sites showed that microbial communities from the two natural forests were much more similar to each other than they were to communities from the poplar plantation, suggesting an effect of the forest conversion on the composition and diversity of soil microbial communities. ␣-diversity in cultivated forest soils had narrower temporal fluctuations than in natural forest soils, suggesting higher temporal stability of microbial communities. Overall, we demonstrated that the conversion from natural forest to forest plantation altered soil microbial communities, changing their structure, lowering their diversity, and causing a spatial and temporal homogenization.
Introduction
Soil microbial communities are a key component of the forest ecosystem; they are involved in fundamental processes, like decomposition and nutrient cycling, and perform a link role between plants and ecosystem functions (Zak et al., 2003; Van der Heijden et al., 2008; Bardgett and Wardle 2010) . The influence of the tree type on microbial community structure and function was supported by a number of different reports (Myers et al., 2001; Hackl et al., 2004; Bastias et al., 2007; Schweitzer et al., 2008; Berg and Smalla 2009; Wubet et al., 2012; Wang et al., 2013) . In turn, belowground-living microorganisms have been demonstrated to influence, directly or indirectly, the productivity, diversity and composition of plant communities (Van der Heijden et al., 2008; Wagg et al., 2011) .
With 200 million ha (10 million of which in Italy), forests represent the major natural vegetation cover in West Europe (31.5% of the land area, 5% of the world's forests); a quarter of these forests are of the mixed type. Despite a positive reforestation trend, risks for European forest health and vitality seem on the increase, mainly due to anthropic impact (MCPFE, 2007) . Despite the fundamental issue of nature conservation and biodiversity preservation of forest sites and the recognized important role that microbial communities play in the functioning of forestry ecosystems, very few studies have investigated the effects on microbial diversity of forest management and forest conversion in a preserved natural environment (Nacke et al., 2011) . Recently, the deforestation of Amazon rainforests (Da C Jesus et al., 2009; Rodrigues et al., 2013) or of pristine forests in the Pampa biome ) to obtain pasture sites has been reported to alter microbial diversity and community structure of soil microorganisms. Far less attention has been spent on the effect that a change within a single land-use category, such as the conversion from natural forest to planted forest, have on soil microbial communities; with the result that this special case http://dx.doi.org/10.1016/j.micres.2015.10.002 0944-5013/© 2015 Elsevier GmbH. All rights reserved.
of forest land-use change is still poorly understood (Nacke et al., 2011) , especially with respect to fungi. Very recently, two studies reported that conversion from natural forest to plantation forest, in the Pampa biome (Lupatini et al., 2013) and in Southeast Asian tropical forest (McGuire et al., 2014) , alter the below-ground ecosystem, and ultimately affect the microbial communities resident in the soil. The conversion of natural forests to oil palm plantation is reported to affect the composition of both bacterial and fungal communities (Lee-Cruz et al., 2013; Kerfahi et al., 2014) . As plantation forests in the world accounted for around 7% of global forest cover, and are projected to continue to increase in the foreseeable future; a wealth of soil microbial diversity, as well as the enormous and still untapped pool of biological resources they constitute, could be at risk; especially in hot spot of plant diversity, such as the Mediterranean area (Myers et al., 2001) .
The main objective of the present work was to study the effects that a change within a single category of soil land-use, specifically a long-term (about 30 years old) conversion from natural mixed forest to poplar plantation, had on soil inhabiting microbial communities. Due to the long time since the conversion took place, we expect to detect long lasting, and almost permanent, effects. With this aim, the structure, and ␣-diversity (inside each study site) and ␤-diversity (between different study sites) of bacterial and fungal communities from the soil of a converted poplar plantation and two natural forests were compared. The three forest sites were located within a natural park (Migliarino-San Rossore-Massaciuccoli Regional Park, Tuscany, Italy), not far from each other, in a climatic, orographic and soil texture homogeneous landscape. In this way natural and anthropic effects, other than those linked to the conversion, were minimized. To characterize microbial communities, we used a cost-effective and rapid technique of DNA fingerprinting, the terminal restriction fragment length polymorphism (T-RFLP) analysis. T-RFLP has been widely used for studying microbial community structure and dynamics (Osborn et al., 2000) , and has been recently re-evaluated for the estimation of microbial community diversity (Van Dorst et al., 2014) . Secondarily, the relationships that microbial community structure and diversity had with the physicochemical properties of the soils and with seasonality was analyzed to recognize the contribution that other factors had beyond land-use conversion.
Materials and methods

Site description and soil sampling
The study area is located inside the Migliarino-San Rossore-Massaciuccoli Regional Park (latitude 43 • 35 -43 • 51 , longitude 10 • 15 -10 • 22 , approximately; mean altitude 4 m), which ranges along the Tyrrhenian Sea between the cities of Viareggio and Livorno (Tuscany, Italy), and belongs to the Mediterranean climate type. The study was conducted in three different field sites within the Park (Table 1) . Sites 1 (an approximately 7000 m 2 large meso-hygrophilic/hygrophilic deciduous forest) and site 3 (an approximately 118,000 m 2 meso-hygrophilic deciduous forest) were old natural mixed-deciduous forests that until mid-1970's were subjected to controlled logging, after that they were left undisturbed. Site 1 and 3 are 8300 m apart each other, in the north and south of the Park, respectively. Site 2 (a 28,000 m 2 planted forest) was a mature 15 years old (in 2010) poplar plantation never subject to any agricultural practice; it is 325 m apart from site 1 toward north. Site 2 was originally a natural hygrophilic mixed-deciduous forest, converted to poplar plantation; aerial photos of this site (including also site 1) placed the first establishment of a poplar plantation between 1978 and 1982 ( Fig. 1) . Plants in the three sites were identified and georeferenced Individual soil samples were seasonally collected from georeferenced trees, using a bulb planter (10 cm wide × 15 cm depth), at about 20 cm from the trunk; for each tree, samples at different seasons were collected at spots not disturbed by previous sampling activities. A total of 156 soil samples were collected from soils associated with different trees: seven natural poplars (5 Populus alba and 2 Populus canescens) in site 1, from Autumn 2010 to Summer 2012; four cultivated poplars (hybrid Triplo clone Populus nigra × Populus deltoids) in site 2, from Spring 2011 to Summer 2012; and eleven maples (Acer campestre) in site 3, from Winter 2011 to Summer 2012. Individual soil samples were placed separately in sterile plastic bags and immediately stored at 5 • C; the same day the samples were brought to the lab. Each individual sample was sequentially sieved through 5 mm and 2 mm pores size stainless steel sieves. The sieved soil from each sample was split into four aliquots that were stored at 4 • C, for total microbial counts, moisture content, pH determination and loss on ignition measure; a further aliquot was stored at −80 • C for molecular analysis.
Rain and air temperature values, measured by two meteorological stations placed as part of the LIFE08 NAT/IT/00342-DEMETRA project, have been averaged over a 7 days period before the sampling dates.
Analysis of soil chemistry
Sampling sites were classified as follow: site 1, Humic Eutrudepts, coarse sand, mixed, thermic; site 2, coarse sand, mixed, thermic; site 3, Fragic Hapludalfs, fine, mixed, thermic. Data for site 1 and 3 were from map units dated 2002; site 2 was not in these maps and was defined, at the time of the sampling campaign, for soil texture only. For physicochemical analysis, all the soil samples from each site in each season were pooled to make a single composite sample; a total of 21 composite soil samples were analysed (eight from site 1, six from site 2, and seven from site 3). Gravimetric water content, organic matter (OM) content, and pH were determined on composite soil samples. Gravimetric water content was determined as weight loss after over-drying the freshly sieved soil at 105 • C for 24 h. Weight percentage OM was determined on over-dried soils by the loss on ignition (LOI) procedure in a muffle furnace at 550 • C for 24 h (Heiri et al., 2001) . pH was measured on sieved air-dried soil samples mixed to deionized water at ratio of 1:2.5 (w/v); the mixture was shaken to form a slurry and left undisturbed for 15 min prior to withdraw 70 L of supernatant to be analysed by a microelectrode (Ross ® pH microelectrode, Thermo Scientific; Beverly, MA, USA).
Viable counts
To determinate the number of viable bacteria and fungi in the soil, five grams of each individual sieved soil sample were placed in a separate sterile plastic bag with 50 mL of saline solution and processed by Stomacher ® 400 Circulator (Seward, UK) for 3 min at 260 rpm to ensure the detachment of microorganisms from soil particles. After 15 min sedimentation, the suspensionsupernatant from each soil was serially diluted and plated in triplicate (0.1 mL) on Soil Extract Agar Medium with cycloheximide (1 g/mL) and on Rose Bengal Chloramphenicol Agar Base (Oxoid, Basingstoke, England) with chloramphenicol (0.1 g/mL), for selective growth of bacteria and fungi, respectively. Plates were incubated for three days at 37 • C and 30 • C, respectively; only plates containing between 30 and 300 colonies were taken in consideration to calculate viability as Colony Forming Units (CFU/g of dry soil). Soil-extract agar medium contained 100 ml/L soil extract, 1 g/L glucose, 1 g/L yeast extract and 15 g/L agar. The soil extract was prepared by mixing 500 g of soil with 1 L of water; the mixture was autoclaved at 121 • C for 1 h. The sterilized soil mixture was filtered through gauze and then centrifuged for 15 min at 6000 rpm. The supernatant was filtrated through a 0.2-m membrane filter and the pH was corrected to 7.0.
Soil DNA extraction and purification
Total DNA was extracted from 250 mg aliquots of each of the 156 individual soil samples using NucleoSpin Soil kit (Macherey Nagel, Düren, Germany), with Lysis Buffer SL2 and 150 L of Enhancer SX., Extracted DNAs were further purified by Power Clean ® DNA Clean-Up Kit (Macherey Nagel, Düren, Germany). 
Genetic profiling of microbial communities
The diversity of the dominant members of bacterial and fungal domains was characterized by genetic profiling using terminal restriction fragment length polymorphism (T-RFLP). 16S rRNA PCR amplicons (0.6-1 g) were digested with 20 unit of RsaI restriction enzyme (Thermo Fisher Scientific, GmbH, Karlsruhe, Germany) in a final volume of 20 L, at 37 • C for 4 h; the digestion was terminated by heating at 80 • C for 20 min. ITS region PCR amplicons (0.1 g) were digested with 6 unit of HinfI restriction enzyme (Roche, Basilea, Switzerland) in a final volume of 20 L, at 37 • C for 4 h; the digestion was terminated by heating at 65 • C for 20 min. The length of the fluorescently labelled terminal restriction fragments (T-RFs) was determined with an Applied Biosystems ® 3500 Series Genetic Analyzer automated sequencer using LIZ 500 (Applied Biosystems, Foster City, California, USA) size standard as a dimensional standard. T-RFs profiles were analysed with GeneMapper software (Applied Biosystems, Foster City, California, USA). Fixed thresholds of 50 and 100 RFU were used to remove baseline noise for blue channel (6FAM-labeled primers) and red channel (PET-labelled primer), respectively. Alignment of T-RFs peaks was automatically performed by the software and manually checked.
Data analysis and statistical methods
All data elaborations and analysis were carried out using R Statistical software version 2.15.1 (R Core Team, 2013) with the package Vegan (Oksanen et al., 2013) and ggplot2 (Wickham, 2011) .
For the analyses of the T-RFLP profiles of bacterial and fungal communities in the soil samples, only T-RF peaks with height above the fixed threshold were considered. Biodiversity analysis was performed on normalized T-RFLP profiles. Normalization was done by measuring the relative abundance of each individual T-RF in a profile and dividing its peak area by the total peak area of the profile. The overall bacterial and fungal ␣-diversity was evaluated measuring phylotype richness, S = number of T-RFs; Shannon-Wiener index, H = − p i log e p i (Shannon, 1948 ), Simpson's index of diversity, D = 1 − p i 2 (Simpson, 1949) , where p i is the proportion of species i; and Shannon evenness index, E = H /logS, that is equality of phylotype abundance in a community. ␤-diversity was calculated using Bray-Curtis dissimilarity index, BC ij = 2C ij /(S i + S j ) where C ij is the smaller value of species shared between site i and j, while C i and C j are total species number in sample i and sample j respectively. The index was calculated by comparing cumulative T-RFLP profiles obtained by calculating the mean area of each T-RF in the T-RFLP profiles of all the samples in each site; the cumulative profiles were then normalized (see above) and T-RFs with a relative area <0.01 were eliminated. To estimate the effects of land-use on ␤-diversity within each site we used the same procedure as in Lee-Cruz et al. (2013) . Firstly we measure ␤-diversity as the Bray-Curtis distance between single T-RFLP profiles, and then the betadisper function in the Vegan package was used to test if the multivariate dispersion of ␤-diversity (measured as the distance from group centroid) was statistically different among different land uses, using 999 permutations.
To estimate true phylotype richness in each site, individual T-RFLP profiles were further inspected with Chao1 index, Chao = S + a 1 2 /2a 2 where a 1 and a 2 are the number of species occurring only in one or only in two sites (Chao, 1984) , and phylotypes (T-RFs) accumulation curves (Hughes et al., 2001 ). Ordination analysis of T-RFLP profiles took into account only qualitative information about presence/absence of T-RFs with height above the fixed height threshold. A dissimilarity matrix was computed using Sørensen index on the presence/absence matrix and used as input for ordination analysis of microbial communities with Unweighted Pair Group Method with Arithmetic mean (UPGMA) clustering and with Non-parametric Multi-Dimensional Scaling (nMDS) with 100 random starts. Environmental variables (cumulative rain and air temperature), soil chemistry variables (OM, pH, and relative humidity), and microbial abundance data (log 10 of viable counts) were fitted onto the nMDS ordination using envfit function in Vegan package. The significance of fitted vectors was tested using 999 permutations. The Analysis of Similarities (ANOSIM) was used to test spatial and seasonal variability of the soil microbial communities (Rees et al., 2004) .
Results and discussion
Physicochemical properties and microbial abundance in soils across land-use
Results of physicochemical characterization of composite seasonal pools of soils from the three sites are reported in Fig. 2 . Soils in site 2 showed the highest pH values and the lowest organic matter content and humidity values. Differences among sites were tested with two-sample T-test (Fig. 2) . pH was the only parameter that showed statistically significant differences in all comparisons (Site 1 vs. Site 2: t = 6.623, p = <0.001; Site 1 vs. Site 3: t = 2.861, p = 0.017; Site 2 vs. Site 3: t = 7.336, p = <0.001), whereas differences in OM content were (highly) significant only when comparing site 2 with the other two sites (Site 1 vs. Site 2: t = 6.421, p = <0.001; Site 1 vs. Site 3: t = −1.804, p = 0.095; Site 2 vs. Site 3: t = −8.812, p = <0.001), and soil relative humidity was significantly different only between site 2 and 1 (Site 1 vs. Site 2: t = 3.019, p = 0.011; Site 1 vs. Site 3: t = 1.393, p = 0.187; Site 2 vs. Site 3: t = −1.838, p = 0.095). Overall, composite soil from the poplar plantation in site 2 differed from natural forest soils (site 1 and 3) more than the latter differed from each other. Microbial abundance results, evaluated by viable counts in individual soil samples from the three sites, are reported in Fig. 2 . The number of cultivable bacteria was always two-three orders of magnitude greater than cultivable fungi. While bacterial viable counts were similar in the three sites, fungal viable counts in site 1 and 3, were similar to each other, but lower than in site 2, with site 2 and 3 showing a statistically significant difference (Site 2 vs. Site 3: t = 2.342, p = 0.047). Viable counts in site 2 always showed the greatest variability. To investigate the origin of this variability, the dependency of the cultivable component of microbial communities with temporal and spatial factors was tested with Kruskal-Wallis test (Table S1 ). The test indicated that, within the same site, quantitative fluctuations of culturable components of microbial communities in each of the three sites were not linked to spatial factors (soil samples associated to different individual trees) but, with the exception of bacterial communities in site 3, to temporal factors (soil samples at different seasons).
Overall, the above reported results suggested that the conversion from natural forest to planted forest was associated to long lasting modifications of the physico-chemical characteristics of soil: poplar plantation soils were more alkaline and with reduced organic matter content. Soil pH, in particular, is a parameter that correlates and integrates lots of soil properties, and represents a well-known factor influencing composition and diversity of microbial communities (Lauber et al., 2009; Rousk et al., 2010) . Moreover, the conversion from natural to planted forest influenced, directly or through the modification of soil physico-chemical properties, the cultivable component of microbial communities, determining an increase in cultivable fungi and a higher seasonal instability of both bacteria and fungi in the poplar plantation (site 2) compared to natural forests (site 1 and 3).
Microbial community diversity analysis
Microbial communities diversity and structure were analyzed using T-RFLP of amplified 16S rDNA from soil samples. Even if phylotypes derived from T-RFLP may not be equivalent to species, they do provide a basis to estimate ␣ and ␤ diversity, and community structure of soil microbial populations through space and time (Van Dorst et al., 2014) .
˛-Diversity analysis
Results of ␣-diversity analysis of bacterial and fungal communities in the three sites are reported in Fig. 3 . Bacterial communities from soils of the cultivated poplar in site 2 had lower ␣-diversity values (richness, S = 18; Shannon Index, H = 2.31) compared to sites 1 (S = 22; H = 2.51) and site 3 (S = 21; H = 2.39), whereas Evenness values were more similar (E = 0.82, E = 0.80, and E = 0.79 in site 1-3, respectively). ANOVA analysis showed that among-sites differences in bacterial ␣-diversity were always significant (Richness F (2,153) = 4.49, p = 0.013; Evenness F (2,153) = 4.84, p = 0.009; Shannon F (2,153) = 4.87, Similarly to bacteria, fungal communities from soils of the cultivated poplar in site 2 had lower ␣-diversity values (richness, S = 9; Shannon Index, H = 1.91) compared to sites 1 (S = 12; H = 2.12) and site 3 (S = 11; H = 2.06), whereas Evenness values were more similar (E = 0.86, E = 0.86, and E = 0.87 in site 1-3, respectively); however, only richness resulted significantly different among sites (Richness F (2,153) = 4.00, p = 0.020; Evenness F (2,153) = 0.09, p = 0.914; Shannon F (2,153) = 1.73, p = 0.180; and Simpson F (2,153) = 0.18, p = 0.835). The relative high values of Evenness indicated equal contributions of dominant phylotypes of bacteria and fungi to ␣-diversity in the three sites. When analyzed by a Post hoc Tukey's test, the above reported differences between site 2 and sites 1 and 3 were particularly evident with regard to bacterial richness and Shannon index, and were also present in fungi richness (letters in Fig. 3) . Overall, these data highlighted an effect of land-use conversion in the sense of a decline in bacteria and fungi community richness. Similar reductions of fungal richness were observed in tropical forest converted to oil palm plantation in Borneo (Kerfahi et al., 2014) and in deadwood samples of forest converted from native deciduous to coniferous species in a German study (Purahong et al., 2014) . This last study also highlighted that the modifications in fungal community structure and diversity may be dependent on which coniferous species was introduced. Figs. 4 and 5 show richness estimation for bacterial and fungal communities, respectively. Richness estimation in the natural forests in sites 1 and 3 was almost identical (around 100 bacterial and 150 fungal phylotypes) and higher compared to site 2 (around 50 bacterial and 100 fungal phylotypes). These differences in richness estimation did not seem to be due to under sampling problems in site 2; in fact, despite the lower number of samples analyzed, bacterial populations in site 2 were the only ones approaching the ChaoI index value (which represent an estimation of true richness). Moreover, at a sample size of 24 (the maximum for site 2), the error bars (representing 2 times the standard deviation) of the phylotype (T-RF) accumulation curves in site 2 never overlapped with those of site 1 and 3. This, although not being the result of a proper statistical test, was a good indication of significant differences in the microbial richness between the cultivated forest in site 2 and the natural forests. The estimated numbers of fungal phylotypes was always higher than bacterial, a result that apparently conflicted with the higher richness of bacteria compared to fungi (Figs. 2 and 3 ), but that could be explained by higher within-site diversity of fungal communities (see also ANOSIM analysis in Table 2 and below).
The site-distribution of T-RFs, corresponding to dominant (TRFs with a relative height >0.01) bacterial and fungal phylotypes (OTUs), is shown in Fig. 6 . The number of dominant OTUs in site 2 was lower than in site 1 and 3:41, 48 and 46 bacterial OTUs and 46, 49 and 49 fungal OTUs, respectively. The number of T-RFs shared among all sites, was much lower in fungal communities (10/99, 10%) than in bacterial ones (31/60, 52%). These results are in contrast to what observed in a study on native beech forests and beech forests converted to conifer forests that reported 56-60% of shared fungal OTUs, defined by DNA fingerprinting analysis (Purahong et al., 2014) . The T-RFs shared among the three sites of this last study constituted a core microbial community that did not seem to suffer any influence of land-use, edaphic conditions, and tree-type association. In our study, the converted site (Site 2) had the lower number of bacterial (7.0%) and the higher number of fungal (52%) site-exclusive T-RFs compared to site 1 (10% and 38%, respectively) and site 3 (17% and 36% respectively), and always shared a greater number of T-RFs with site 1 than with site 3.
These results strongly indicated that the three sites not only differed in the physicochemical characteristics of soil and in microbial diversity, but also in microbial composition. However, site 2 differed from the other two sites more than they differed from each other, suggesting the occurrence of a major shift in its microbial composition as the result of the conversion from natural forest to poplar plantation. Purahong et al. (2014) , applying an ARISA DNA fingerprinting analysis to study the consequence that the conversion from native, deciduous forest to coniferous forest in Germany had on the diversity and composition of fungal communities in deadwood, reported similar alterations, and stated that changes within a single land-use category can be regarded as a major threat to fungal diversity in temperate forest ecosystem. Conversely, in a study, performed by PCR-DDGE, on the effects of the conversion of natural tropical rainforests in Uganda, the authors reported a relative resilience of soil microbial communities to forest conversion at a local scale (Alele et al., 2014) . Differences in the kind of land-use change, in soil type, in analytical method used to investigate the microbial communities (i.e., on resolution and depth of the implemented analysis technique), and in general features of the specific biome subject of the study, could partially explain the contradictory results of these studies.
As site 2 differed from site 1 (where soils associated to natural poplars were sampled) less than from site 3 (where soils associated to natural maples were sampled), a tree-type effect on phylotypes composition could be also hypothesized. Indeed, significant plant specific effects on microbial community structure have been reported by a number of studies (Myers et al., 2001; Hackl et al., 2004; Bastias et al., 2007; Berg and Smalla 2009; Wubet et al., 2012; Wang et al., 2013) .
ˇ-Diversity analysis
Bray-Curtis distance between individual T-RFLP profiles within each site (within-site ␤-diversity) was calculated to determine the Differently from bacteria, when applied to fungal data, two-samples t-test showed that the only statistically significant difference was that observed between sites 1 and 3 (Site 1 vs. Site 3: t = 5.8362, p = <0.01; Site 2 vs. Site 3: t = 2.339, p = 0.02; Site 1 vs. Site2: t = 0.110, p = 0.912). Fig. 7 reports the values of multivariate dispersion of within-site ␤-diversity. For bacterial communities, dispersion values in site 2 were lower than in site 1 and site 3, while no differences were found in dispersion values between site 1 and 3 (Site 1 vs. Site 3: t = 0.322, p = 0.0770; Site 1 vs. Site 2: t = 3.126, p = 0.001; Site 3 vs. Site 2: t = 2.363, p = 0.016; tested with 999 permutations). On the contrary, fungal communities did not show statistically significant differences in the dispersion values between the three sites (Site 1 vs. Site 3: t = 1.530, p = 0.128; Site 1 vs. Site 2: t = 0.007, p = 0.994; Site 3 vs. Site 2: t = −1.051, p = 0.296; tested with 999 permutations). Those results suggest that, compared to the natural forests, the cultivated forest showed a higher spatial homogeneity of bacterial communities, but not of the fungal ones.
Between-site ␤-diversity values (calculated with Bray-Curtis distance) indicated that cumulative T-RFLP profiles of microbial communities from the two natural forests in site 1 and 3 were more similar to each other (bacteria ␤, site 1 vs. site 3 = 0.21; fungi ␤, site 1 vs. site 3 = 0.66) than they were to communities from the poplar plantation in site 2 (bacterial ␤, site 1 vs. site2 = 0.26 and site 3 vs. site 2 = 0.33; fungi ␤, site 1 vs. site 2 = 0.80 and site 3 vs. site 2 = 0.88). However, bacterial communities from the poplar plantation were more similar to communities from the soils associated to natural poplars sampled in sites 1 than to those associated to natural maples in site 3. Those data confirmed the difference between the poplar plantation and the natural forests, but also reinforced the hypothesis of a tree-type effect on soil microbial communities diversity; an effect already suggested by the microbial phylotypes distribution analysis in the three sites (Fig. 6) . The mean value of between-site ␤-diversity were higher for fungi (0.78 ± 0.11) than for bacteria (mean value 0.27 ± 0.06); a result that, in addition to what already observed within each site (see ␣-diversity analysis), further highlighted the great heterogeneity of fungi populations in the three forest sites.
Ordination analysis
The similarity of individual T-RFLP profiles of bacterial and fungal communities in each sampling site was analyzed by nMDS ordination. ANOSIM analysis (not shown) was used to test the significance of within-site grouping of soil samples with respect to time (season and year) and space (different individual trees). As regard bacteria, nMDS ordination plots were always significant (0.19 > stress values > 0.11), and showed a tendency of the samples to form seasonal clusters in the 2D-ordination space (Fig. S1) , even if ANOSIM analysis did not support any tested groupings. Unlike bacteria, nMDS ordination plots of fungal communities (Fig.  S2 ) were close to random (stress value > 0.2), but ANOSIM analysis of fungal communities showed statistical significance when fungi samples were grouped on the basis of belonging to the same individual tree (site1: R = 0.58, p = 0.001; site2: R = 0.16, p = 0.024; site3: R = 0.55, p = 0.001), or, as in site 3 only, on year of sampling (R = 0.09, p = 0.003). Bacterial communities differed over space and time; whereas fungi populations appeared more different over space and stable over time. The above results outlined a general high heterogeneity of microbial populations in the three sites. High within-site heterogeneity may reduce the resolution power of the analysis of similarity of microbial community structure between different sites, diminishing our capability to focus on the effect of the conversion, which represented the main objective of this work. For this reason, in each of the three sites, the T-RFLP profiles of the microbial communities from individual samples in a given season were put together in silico and averaged to obtain a total of 21 cumulative profiles. In this way, inter alia, community profile data were more directly comparable to the data obtained from analysis of soil chemistry, which were performed on 21 corresponding seasonal composite of soils. ANOSIM analysis was performed on both individual and cumulative T-RFLP profiles for comparison. In both cases, differences between sites were significant, but cumulative profile analysis always explained a larger part of site variability (Table 2) . Cumulative T-RFLP profiles were used in subsequent analysis. Fig. 8 reports nMDS ordination plot and UPGMA cluster analysis of cumulative T-RFLP profiles of bacterial communities from the three sites. The ordination was significant (stress value = 0.107), and overall the results highlighted a separation of soil bacterial communities in the poplar cultivation (site 2) from those of the natural mixed forests (site 1 and 3), which largely overlapped with each other forming two mixed clusters. nMDS ordination analysis of fungal communities (Fig. 9 ) was also significant (stress value = 0.112), and showed a more clear separation between the three sites, with cumulative T-RFLP profiles forming well separated and defined clusters. Environmental variables (OM, pH, relative humidity, cumulative rain, and air temperature) and bacterial and fungal viable counts were fitted onto the ordination space of the nMDS plots in Figs. 8 and 9 . The environmental descriptors that best explained differences in assemblage structure were pH, OM and relative humidity, both in bacteria (pH: r 2 = 0.583, p = 0.003; OM: r 2 = 0.673, p = 0.001; relative humidity: r 2 = 0.556, p = 0.007) and in fungi (pH: r 2 = 0.654, p = 0.003; OM: r 2 = 0.854, p = 0.001; relative humidity: r 2 = 0.654, p = 0.001). In addition, the fitting of the fungal viable count parameter in the fungi ordination was also significant (r 2 = 0.519, p = 0.005). UPGMA cluster analysis and nMDS ordination plots clearly differentiated the bacterial and fungal cumulative T-RFLP profiles of site 2 (poplar plantation) from those of sites 1 and 3 (natural forests) along the first ordination axis (Figs. 8 and 9 ). Only with regard to the fungi, sites 1 (soil samples associated to natural poplars) and site 3 (soil samples associated to natural maples) separated along the second ordination axis. By interpreting these results, we speculate that the first axis was strongly correlated to soil land-use (poplar plantation in site 2 vs. natural forest in site 1 and 3), while the second axis could be correlated, more weakly and only as regard fungi, to tree type (poplar in site 1 and 2 vs. maples in site 3). From the direction and angle of the vectors resulting from the fitting of soil physicochemical characteristics on nMDS plots, pH and organic matter (OM), and to a lesser extent soil humidity, were correlated to the first axis, and hence to land-use.
Overall, both diversity and ordination analysis strongly differentiated bacteria community in the converted forest from that of natural, primary forests. The fact that sensible differences occurred between bacterial communities in cultivated poplars in Site 2 and primary forest in Site 1, despite the two sites are located in close proximity and in both sites soil associated to poplars were sampled, strongly suggested that the effects on bacteria populations are mainly due to forest conversion rather than to spatial or tree type effects. Similar loss in ␤ diversity of bacterial communities were observed as a result of forest to pasture conversion in the Amazon rainforest (Rodrigues et al., 2013) , but not of conversion from forest to oil palm plantation in Borneo, where ␤ diversity was found to be higher in converted forest respect to primary ones (Lee-Cruz et al., 2013) . However, the authors of this last paper, taking into account the possibility that the observed differences in ␤ diversity could be present prior to the conversion, emphasized the need for long-term studies to assess the effects of the conversion.
Unlike bacteria, the diversity of fungal populations in our study seem to be also linked to tree type effects, in agreement with what suggested by Purahong et al. (2014) .
Temporal fluctuation analysis of microbial community diversity
Given the long-term nature of our study, we were also interested in the effect that seasonality have on microbial communities diversity and in understanding how sites with a different land-use respond to seasonal changes. As above reported, a differentiation of microbial communities on a seasonal base was not supported by ANOSIM analysis; nevertheless, nMDS ordinations showed some degree of seasonal clusterization, especially for the bacterial communities (Fig. S1) . In order to better clarify the relationship between seasonality and ␣-diversity in each sampling site, we have calculated a coefficient of variation as the ratio between standard deviation and the mean value of different ␣-diversity parameters (Table 3) . ␣-diversity of both bacteria and fungi communities in site 2 had narrower temporal fluctuations compared to site 1 and 3, indicating higher temporal stability of microbial communities within the poplar plantation soil. Other studies reported contradictory over-time effects of land-use changes on diversity and structure of microbial communities of soil, from no changes to major changes (Da C Jesus et al., 2009; Sun et al., 2011; Rodrigues et al., 2013; Suleiman et al., 2013; McGuire et al., 2014 ; and bibliography within these papers). Differences in general features of the study, like the kind of land-use change, the soil type, the analytical method used in microbial analysis, may be at the origin of these contradictory results.
Conclusions
In this study, a common and well established DNA fingerprinting technique (T-RFLP) was successfully applied to the analysis of bacterial and fungal populations in soil samples from native forests and a forest converted to poplar plantation to investigate possible effects on diversity and community structure. With the aim to minimize the effects of general climatic differences and those of unknown and unwanted anthropic impacts, the study area was located within a natural park, with homogeneous orographic and soil texture characteristics.
Overall, our data indicates that site 2, the result of the conversion (about 30 years ago) from natural to poplar plantation, differed from two natural (primary) forests (site 1 and 3) by a number of abiotic and microbiological parameters of soil. Major differences were observed on both richness and diversity of bacterial and fungal communities. The differences were much stronger between site 2 and sites 1 and 3 than between sites 1 and 3. These differences were interpreted as the effects of the forest conversion in site 2, and because they were still visible after about 30 years from the conversion, they should be considered long lasting and almost permanent. Interestingly, a contribution of the tree type (poplar vs. maples) in shaping the structure of bacterial and (particularly) fungal communities in the three sampling sites emerged from between-site ␤-diversity values and nMDS analysis. Furthermore, we cannot exclude that a plant genotype-specific contribution (Schweitzer et al., 2008) may have had some marginal role in determining the differences in diversity and structure of the microbial populations from soils associated to P. alba and P. canescens in site 1 and P. nigra × P. deltoids hybrid in site 2.
It is evident that we are yet far from achieving general knowledge about the response of microbial communities to the conversion within a single land-use category, and that no general trends can be outlined. In any case, from these studies, forest conversion emerges as a practice that should be regarded as a general threat to microbial communities that strongly affects microbial diversity and structure.
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